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Wo, Shell DsvELomsFTT Company, a 
corporation organized under the Laws of 
the State of Delaware, United States of 
America, of 100, Bush Street, Ban Fran- 
5 cisco, California, United States of 
America (assignees of Stonek H. 
McAllister end Vbbhot E. Haubt, of 
Lafayette and El Cerrito, Contra Costa 
County, California, United States of 
America, respectively, and both citizens 
of the United States of America), do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed* to he particularly described 
and ascertained in and by the following 
statement: — 

This invention relates to an improved 
process for condensing earbonylic com- 
pounds to unsaturated aldehydes and 
ketones of higher molecular weight- 
More particularly, the invention is con- 
cerned with a process for condensing ear- 
bonylic compounds (as hereinafter defined) 
wherein the reaction conditions are con- 
trolled in a manner which enables produc- 
tion, of predominating amounts of a 
desired unsaturated earbonylic compound. 

It is an object of the present invention 
to provide a process which enables ear- 
bonylic compounds to be converted directly 
to unsaturated earbonylic compounds in a 
single operation without isolation and 
separation of intermediate aldol-type pro- 
ducts which must be subsequently dehy- 
drated in a separate operation to yield 
unsaturated compounds. Another object 
is to provide a process which enables the 
condensation reactions to be controlled so 
that a desired unsaturated earbonylic com- 
pound may be obtained in predominating 
amounts. A further object is to provide 
a condensation process which employs a 
catalyst which has a long, useful life. A 
still further object of the invention is to 
provide a process for condensation of ear- 
bonylic compounds which is particularly 
suited to continuous production of un- 
saturated earbonylic compounds and is 
therefore attractive for technical-scale, 
commercial production of products of this 



it has been known that aldehydes and 
ketones may be condensed in the presence 
[Price Is.] 



of strong condensation agents to give un- 
saturated aldehydes and ketones. The 55 
reaction which is involved In this type of 
condensation involves the combination of 
two or more molecules of aldehydes or 
ketones with the simultaneous splitting off 
of one less number of molecules of water 60 
than the number of molecules of ear- 
bonylic compounds combining. This 
reaction iB referred to as crotonaldehyde- 
type condensation by analogy with the 
reaction which occurs when two molecules 81$ 
of acetaldehyde condense to form a mole- 
cule of crotonaldehvde and one of water. 
In aldol condensation of carbonylio com- 
pounds, the molecules combine to torn 
aldols or ketols without water being a pro- 70 
duct of the reaction, Crotanafiehyde- 
type condensation is thus distinguished 
from aldol condensation in that water is 
formed in the former reaction but not in 
the latter and also, the carbonylio products 75 
from the former are always unsaturated 
while the products of the latter may or may 
not be unsaturated, depending upon the 
presence or absence of unsaturation in the 
reactants. 80 

In prior processes for crotonaldehyde- 
type condensation of earbonylic com- 
pounds, the water which was evolved by 
the reactions continually diluted the 
reaction mixture, espeoiauy the catalyst, 85 
during the course of the condensation so 
that the reaction was conducted under 
conditions which were constantly chang- 
ing. We have now found that in order to 
obtain a particular product, it is essential 00 
that the reaction conditions be maintained 
substantially constant throughout the 
reaction. We have also discovered that a 
concentrated aqueous solution of a strong 
acid or a strong base or a substantially 05 
anhydrous liquid strong acid is a superior 
and moie practical catalyst for eroton- 
aldehyde-type condensation than the solid 
catalysts proposed by the prior art. The 
use of solid alkaline catalysts and the 100 
removal of the water from the reaction as 
fast as formed so as to avoid obtaining an 
aqueous solution of the catalyst has been 
suggested by the art, but this process has 
a number of features which make it hi- 105 
ferior to the process of the present hi van- 
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"T "tion* Resinous materials of high mole- 
on! Ar weight are unavoidably formed by 
the reactions which, when collected upon 
the surface of th solid " catalyst, greatly 
5 decrease the- activity thereof and permit 
only a short life. The loose, solid catalyst 
employed in the known process is also 
awkward and inconvenient to handle and 
to remove from the reaction vessel when it 

10 becomes inactive. - Furthermore; the 
reaction mixture contamhig ' the solid 
catalyst in a loose form necessitates sub- 
jecting the reaction mixture to a filtering 
operation when removal of the catalyst 

15 there&om is desired'. a 

• All of these and other (pfficulties are 
avoided in tjie process of the' present in- 

„. vention. Accardifig to our invention, a 
carbonylio compound 'is subjected' to 

20 crotonaldehyde-type condensation at an 
elevated temperature in the presence of a 
concentrated aqueous solution of a strong 

_ &cid or a strong base or a substantially 
anhydrous IfquioY strong acid as the con- 

25 AanainQ agent while' mainteining the con- 
c^farition of 'condensing' agent $u the 
aqueous "solution "substantially constant. 
By emplo^iug an e^eo^ Wlufeoii "6£ eon- 
densing agent or a liquid condensing agent 

30 rather than a solid catalyst, the resinous 
by-products of the reaction cannot "collect 
On the ' surface of the catalyst and impair 
or destroy its activity. The condensing 
agent employed in bur invention thus' has 

36 a "long- useful life which is'of ' prime im- 
portance in adaptation of the process to 
technical-scale, commercial production of 
unsaturated carbonylic compounds. Jfore- 
over, by using a .concentrated aqueous 
40 solution or a liquid' condensing agent 
the condensing agent solution and the 
reaction procfacts exist as two 'phases 
which- permits ready' separation of the 
products ' from the cbndettsiiig " agent' 
46 solution and makes possihfe continuous 
production' of i2ie desired products. One 
of the most infportant features of the 
. present invention resides in the control 
and maintenance of a constant conoentra- 
50 tion of 1 condensing agent in aqueous solu- 
tion. Since the character of the products 
is dependent upon the concentration of the 
condensing agent, this allows the optimum 
concentration of condensing agent for a 
55 j^rticniar product to 1 be chtfsen and 
retained during the entire course of the 
reaction. 

; ' The ' concentration of. the condensing 
agent is maintained constant by d^t£Qmg 
60 water from the reaction mixture either at 
a rate equal to its rate of formation or at 
a more rapid rate with continual return of 
a sufficient amount of the removed water 
' • to keep the condensing agent concentration 
65 substantially constant. The water, with' 



some reaotants, may be distilled from the 
mixture alone, while with reactants which 
form an azeotrope with water, an azeo- 
tropic mixture may be distilled from the 
reaction mixture. If desired, extraneous 70 
substances which form azeotropes with 
water may be added to the reaction mix- 
ture for 'like purpose of aiding the removal 
of water therefrom. 

- The accompanying semi-diagrammatic 75 
drawing shows an apparatus in which a 
preferred embodiment of our process may 
be executed. The carbonylic compound or 
compounds to be- condensed are introduced 
continuously into reaction vessel 1 through 80 
pipe 2 and valve 3 ; the reaction vessel 
containing an aqueous solution of a con- 
densing agent. The reaction mixture is 
heated by means of steam coil 5 and 
agitated with stirrer 6. Water formed by 85 
the condensation ' reaction and possibly 
water from the aqueous catalyst solution 
together with any re octant or extraneous 
substance forming an azeotrope with water 
is distilled from the reaction mixture and 90 
passed through pipe 7 into fractionating 
column 8. The distilling vapours leave the 
fractionating column by means of pipe 9 
ah'd^ are condensed in condenser 10 cooled 
by a suitable medium such as cooling 95 
water. The condensed vapours pass into 
Accumulator 11 through pipe 12 which also 
may act as ft phase separator. The accu- 
mulator is eqmpoed with several outlets, 
the use of which as determined by the par- 100 
ticular materials being employed- Pipe 
13, located at the upper part of the accu- 
mulator permits the withdrawal of an 
njmer phase from the accumulator which 
withdrawn material may pass through 105 
valve 14 to column 8 wherein it may be 
used as reflux. If desired, a lower layer 
may be withdrawn from the accumulator 
through pipe 15 and by means of pipe 16 
and valve 17, passed to tjie column for 11(> 
reflux* When phase separation occurs in 
the' accumulator, the lower layer will 
oiuinarily be richer in water than the 
upper layer. If no phase separation occurs, 
valve 14 may be dosed ana reflux supplied 115 
entirety by means of pipes 15 and 16, and ' 
valve 17. If desired, a part or the entire 
distillate or lower layer may be returned 
directly to the reaction vessel with the aid 
of pipe 18 and valve 19. Jn some oases it 120 
may be desirable to remove a part or all 
of an upper layer from the system* This 
may be accomplished through pipe 20 and 
valve 21. The removal of water from tho 
system is made possible through pipe 22 125 
and valve 23. 

^Fractionating column 8 may be 
equipped with bubble plates of conven- 
tional design for fractionating operations, 
or it may be packed with suitable material 130 
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for obtaming good liquid vapour contact 
such' as carbon rings, Easchig rings, etc. 

'The reaction products together TOth the 
reaotants arc agitated in the reaction 
5 vessel with the aqueous solution of cata- 
lyst. In order' to obtain the products sub- 
stantially free of the catalyst solution, a 
separator 24 js connected to the reaction 
vessel through pipe 26. The reaction 
10 produots and some unreacted material 
collect in the separator as an "upper layer 
from which they may be removed con- 
tinuously through pipe 26 and valve 27 
and cooled by means of cooler 28. The 
16 lower catalyst layer in- separator 24 -is con- 
nected 1 with the reaction vessel -through 
pipe 29 and valve SO. An outlet pipe 31 
provided with ' valve 32 permits 4 cnarging 
and' discharging of catalyst solution to and 
30 from tiie reaotton vessel while" samples of 
the catalyst solution may be withdrawn 
through pipe 33 and valve 34 for detar- 
nuning whether the catalyst concentration 
is Being maintained substantially can- 
25 stant. To avoid a gas buffer in separator 
24, compensating pipe 35 connects -to the 
vapour of gas space of the reaction vessel, 
and a vent pipe 36 and valve 37 are pro- 
vided. 

-30 Oka .process of our invention may be 
employed for cjxjtonaldehydfi-vype con- 
densation of' any ''carbonylio 'compound 
capable of undergoing this type of 
reaction. The term carbonylio com- 
-35 pounds 9 ' as used Herein means ketones 
and. aldehydes which if they contain sub* 
stituent elements or groups only contain 
these subsi^ant elements or groups which 
are inert under the' reaotion- conditions' -or 
40 which undergo simultaneous change with- 
out interfering with the production, of the 
" desired condensation products. Thus the 
carbonylio compounds' employed in the 
present invention are not to be confused 
45 with related compounds of entirely dif- 
ferent chemical properties, namely, ' oasrh- 
oxylio acids and derivatives' thereof such 
as esters, carboxylio acid anhydrides, 
halides, amides and the like. In the alde- 
50 hydes and ketones the carbonyl group is 
linked dtoectfy to' either hydrogen atoms, 
carbon atoms or both, but to no other 
elements. - 

Grotonaldehyde-type condensation may 
35 be effected between like molecules of a 
ketone by employing a single species of 
ketone in the reaction mixture. The 
reaction then is one of self-condensation, 
but, depending upon the reaction con- 
€0 ditions, the starting ketone may also con- 
dense to a greater or lesser degree with the 
produots from the primary reaction to 
form higher unsaturated ketones from 
combination of three or more molecules of 
$5 the ketone. A ketone may be condensed 



with a dissimilar ketone by employing two 
ox" more different species of ketones as 
starting materials. Cross-condensation of 
the ketone' will occur in this case although 
self-condensation of individual oort- 70* 
stituenta " Tsill also occur. In a similar 
manner, a ketone may be condensed with 
ail aldehyde, an aldehyde with a d^sinular 
aldehyde, or an aldehyde with itself. 

The products of the reactions will be 75 
dimeric unsaturated carbonylio compounds 
resulting' frortt crotonaldahyde ' condensa- 
tion of two caarboxylio molecules," trimerio 
compounds from ' combination of three 
molecules in the reactions j and higher 80 
produots which may be" resinous in char- 
acter as the mdeoular 'weight becomes in- 
creasingly greater. 

The " carbonylic compounds employed in 
the process may be either saturated or un- 85 
saturated compounds and may be aliphatic 
pr cyclic including alicyclio, aromatic or 
heterocyclic ketones and aldehydes* SuiU 
aisle ketones include, among others, ace- 
tone, methyl ethyl ketone, methyl propyl 90 
ketone, diethyl "ketone^ methyl isoDUtyi 
ketone, methyl vinyl ketone, methyl iso- 
propdnjd ketone, mesityl oxide, cyclo- 
p^ntanone, cyclohexanone, methyl cyclo- 
hexyT ketone, acetophenone and the like 95 
and their nbmologues. Included among 
the suitable aldehydes are formaldehyde, 
acetaldehyde, isobutyraldenyde, acrolein, 
orotonaldehyde, meftaorolein, benzalde- 
hyde, cinrmmaldehyde" and the like, and 100 
tiiedr homologueB. " -A& indicated above, the 
reactants may contain substituent elements 
or groups which may be inert under the 
reaotion conditions or may undergo simul- 
taneous change without mteifenng with 105 
the* jnx)duction of the desired' condensation 
products.. ■ " 

"II is' preferred to use a strong base such 
as a concentrated solution' of an alkali 
metal hydroxide hke sodium' hydroxidej 110 
potassium hydroxide, etc as the condens- 
ing agent. A concentrated solution of 
tins type of base' is one contsihmg from 
aftout 35% up to the saturation point of 
metal hydroxide at the operating tern- 115 
perature - of ' the process. With sodium 
hydroxide, concentrations of from 50 to 
70% are particularly satisfactory. Con- 
centrated solutions of strong acids are also 
suitable catalysts. There may bo used 120- 
concentrated sulphuric acid in aqueous 
solution or substantially anhydrous such 
as 80 to 99% sulphuric acid, or . concen- 
trated solutions of other acids such as 
hydrochlorio acid> hvdrobromio acid, phos- 125 
phortc acid, trichloracetic acid, pyro- 
phorio acid, chlorosulphonio acid, benzene - 
eulphomc acid and the like. The use of 
acids which give high- concentrations of 
hydrogen ion, but are also strong oxidiz- 130 
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ing agents which, would destroy reactants 
and products are, of course, to be avoided. 
The term "concentrated" is used with, 
the means attributed to it by workers in 
5 chemical arts as are also the expressions 
" strong bases " and " strong acids," 

The temperature employed in the 
process may be varied about 50° C. 
to about 200° 0., the most suitable 

10 temperature being dependent upon the 
reactivity of the reactant or reactants 
being condensed, the condensing agent 
employed, the concentration of catalyst in 
aqueous solution, the contact time of the 

15 reactant or reactants with the condensing 
agent, and the character of the products 
desired. Ordinarily, an operating tem- 
perature of from 100° 0. to 150* C. is 
preferred. The aldehydes are, in general, 

20 more reactive than, the ketones and con- 
sequently, less drastic conditions may be 
used to condense these substances. 
Furthermore, the unsaturated reactants 
are more easily condensed than the corres- 

25 ponding saturated oompounda. Thus 
mesityi oxide is more reactive than the 
corresponding methyl Isobutyl ketone. 
While a range of temperatures may be 
used in the prooesa, it is desirable to main- 

30 tain, at least sufficient pressure on the 
system so that the primacy condensation 
product will not boil. The conditions of 
temperature and pressure may he chosen 
so that the operating temperature is not 

35 greater than, the boiling point ' of the 
primary condensation product at the 
operating pressure. For the higher 
ketones and aldehydes, ordinary atmo- 
spheric- pressure is ample for the usual 

40 operating temperatures, but with the lower 
reactants, it may be desirable to employ 
Buperatmospherio pressures. 

Other variables which may be adjusted 
to suit the needs of the reactants and pro- 

45. ducts desired are the contact time and the 
- ratio of reactants to catalyst solution. The 
effect of longer contact times, is as a rule, 
the formation of higher condensation 
products. la some cases contact times of 

50 a fraction of an hour will be satisfactory 
while in others it may be desirable to use 
contact times of a number of hours. 
Ordioarfly contact times of from one to 
five hours are suitable. Hie ratio of re- 

55 act ants to condensing agent solution has a 
less pronounced effect than tbe contact 
time although "with other conditions equal, 
the smaller the ratio, the greater will be 
the yield of higher condensation products. 

60 Ratios within the range of from about 0.5 
to about 10 of reactant to one of condens- 
ing agent solution give excellent results. 

Since the excellent results obtained by 
the process are dependent upon the main- 

65 tonance of a constant concentration of con- 



densing agent in aque us solution, and 
since water is one of the products of the 
reactions, it is necessary to continuously 
remove water from the reaction mixture. 
The preferred method of removing the 70 
water Is by distillation and while this may 
be done in some cases by simple distilla- 
tion, azeotropic distillation is a more pre- 
ferred method. The reactants are con* 
venient substances for use .in the azeo- 75 
tropic removal of the water. Thus the 
ketones, with the exception of acetone, 
form azeotropes with water and when they 
are condensed in the process, a sufficient 
excess may be added to the reaction mix- 80 
ture to enable the water which it is desired 
to remove to be taken from the mixture as 
an azeotrope with the ketone* This is a 
preferred method of removing the water- so 
that the concentration of catalyst in 85 
aqueous solution will remain constant. If 
desired, other inert organic substances 
which form azeotropes with water may be 
employed. Suitable, materials for this 
purpose are hydrocarbons such as benzene, 90 
toluene, isooctane, naphtha, etc., halo- 
genated hydrocarbons, ethers, alcohols, 
and the like. 

The invention may be more easily 
understood and Its possibilities and value 05 
realized by reference to the following 
examples which are given for illustrative 
purposes only. 

Example I. 

It was desired to condense mesityi oxide 100 
continuously and obtain as high a yield as 
possible of the 12 carbon atom (C 12 ) ketone. 
For this purpose, a 55 per cent, aqueous 
solution of sodium hydroxide was used as 
condensing agent. The condensing agent 105 
was placed in a reaction vessel fitted with 
means for withdrawing the organic layer 
therefrom continuously, and with a frac- 
tionating column for removing the water. 
At the start of the run, about 12QO gnu 110 
of condensing agent solution and 1500 gm. 
of mesityi oxide were boiled for about an 
hour beiore removal of the reaction pro* 
ducts. Then mesityi oxide was con- 
tinuously fed in, reaction products were 115 
continuously withdrawn, and the water 
formed by the reaction was continuously 
distilled from the reaction mixture along 
with some mesityi oxide and with acetone 
which forms to a small extent as. a product 120 
of hydrolysis. During a sixteen hour 
period, about 180.0 mols. of mesityi oxide 
were fed to the reactor and approximately 
113 .0 mols. were recovered unchanged. Of 
the mesityi oxide which reacted, a yield 125- 
of 73.5 per cent. C 1S ketone was obtained 
together with 6.3 per cent, acetone and 
20 . 0 per cent. Cm or higher ketones. 
Example EL 

Mesityi oxide was condensed in the 130* 
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same reaction vessel with 55 per cent, 
aqueous sodium hydroxide in a similar 
maimer as in Example. I except that the 
caustic concentration -was not controlled 
5 and kept constant! Due to the fluctuation 
of catalyst conoentratdon, the yield of C ia 
ketone in this case amounted to only 64.3 
per cent. There was also produced a yield 
of 7.7 per cent, acetone and 28.0 per cent. 
10 C 18 or higher ketonoB, 

. Example JR. . 
Mesityl oxide was condensed in equip- 
ment similar to that shown in the accom- 
panying .drawing. The catalyst employed 
was aqueous sodium hydroxide of 56 per 
cent, concentration. Approximately 10 
gallons of condensing agent solution were 
in the reaction vessel while , the polymer 
layer was maintained at about 17 gallons. 
Mesityl oxide was fed to the reactor at a 
rate of about 6.3 gallons per hour, .the 
product layer being continuously with- 
drawn from the separator. After leaving 
the reactor, the product layer was washed 
25 with water, cenlrifuged to separate the 
aqueous phase from the condensation pro- 
ducts, aiid distilled in vacuo. The sodium 
hydroxide waB maintained at constant 
concentration by continuously distilling 
30 the water formed from the reaction mix- 
ture along with some acetone formed in the 
reactions and some mesityl oxide. This 
. distillate was subsequently redistilled to 
recover the acetone and mesityl oxide 
35 therein. The catalyst concentration was 
frequently checked by means of a hydro- 



15 



20 



Acetone 

0 12 unsaturated ketone 
C u unsaturated ketone 
C B4 unsaturated ketone 



- - 14.9% 



33.8% 




During the run the temperature of the 
reaction mixture was kept at about 132° 

40 C M whale that of the stnlhead was about 
79° 0. A total of about 1312 lbs. of 
mesityl oxide was fed to the reactor, the 
average residence time being about 2.7 
hours. A total of 970 lbs. of product layer 

46 was recovered, while the overhead distil- 
late from the reaction mixture amounted 
to a total of 827 lbs. Hie weight per cent, 
composition of the overhead distillate was 
as follows : 

60 Acetone - - 65.7% 

Water - - - - 16.8% 
Mesityl oxide - - 27.5% 
The weight per cent, of the products 
from the reactor was as follows : 
56 Acetone - - . - - 0.8% 
Mesityl oxide - - 13.6% 
C ia unsaturated ketone - 31.8% 
C 18 unsaturated ketone - 29.8% 
C M unsaturated ketone - 12.1% 
■60 Resin - 12.0% 

Of the mesityl oxide fed to the reactor, 
about 83.0% was reacted The yields of 
the various products calculated as mol. 
per cent, of the mesityl oxide which 
66 reacted follow; 



70 

Example IV. 
Using about 150 gm. of 96 per cent, 
sulphuric acid as condensing agent about 
1600 gm. of mesityl oxide were condensed 
over a period of approximately 4 hours at 75 
a temperature of 50—70° 0. The products 
obtained in grams per 1000 grams of 
mesityl oxide were acetone 346, G ia un- 
saturated ketone 80, unsaturated 
ketone 71, C a4 unsaturated ketone 64, and 80 
higher than C a4 unsaturated ketone 255. 
Example V. 
In the apparatus described in Example 
I, a mixture of about . 1940 gm. of 65 per 
cent, aqueous sodium hydroxide and 2460 85 
gm. of C ia unsaturated ketone obtained by 
alkaline condensation of mesityl oxide 
were heated to 150—155° O. for approxi- 
mately 1.6 hours with continuous removal 
of the water formed, acetone and mesityl 90 
oxide. The product was then washed and 
fractionated and about 1660 gm. of C ia 
. ketone were recovered unreaoted. Of the 
reacted material, the following products 
were obtained : 95 
Acetone- - - - 61 gm. 
Mesityl oxide ~ - - lgm. 
0 ia unsaturated ketone - 10 gm. 
0 lg unsaturated ketone - 516 gm. 
0 M unsaturated ketone - 136 gm, 100 
This experiment indicated that a good 
yield of G u unsaturated ketone may be ob- 
tained by condensing the C 18 unsaturated 
ketone. Similarly, the C 4 a unsaturated 
ketone may be prepared in high yield by 105 
condensing a mixture of. the 0 ia un- 
saturated ketone and mesityl oxide. 

Mesityl oxide is a preferred substance 
to condense in the process, the method of 
the invention being -particularly well 110 
adapted to the treatment of this reaofcant. 
When this ketone is treated the catalyst 
preferably employed is a 50 to 65 per cent, 
aqueous solution of an alkali metal 
hydroxide, the condensation reactions are 115 
preferably effected to a temperature of 
from about 120 to 140° 0., and the catalyst 
concentration in aqueous solution is pre- 
ferably maintained substantially constant 
throughout the reaction period. 120 

The products of the process are valuable 
and useful substances. Some are highly 
unsaturated and capable of being dried 
and hardened to tough solids. Others may 
be hydrogenated for use as plasticizers, 125 
solvents and resins. The hydrogenation 
may be sufficiently complete so that alco- 
hols result, from which a variety of pro- 
ducts may be prepared by sulfbna&m, 
estcrification and the like. It is seen that 130 
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the unsaturated ' carbonylio compounds 
are -valuable chemical intermediates in 
numerous syntheses. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to be 
we doolare that what we claim 



■ 1. A process for the production of un- 
saturated aldehydes or ketones of higher 
molecular Weight than the initial materials 
by effecting the crotoiiftldehyde-tvpo con- 
densation of a carbonylio compound (as 
hereinbefore defined) which *— - 



heating the carbonylio compound at a tem- 
perature of from 60° to 200° 0. in the 
presence of a concentrated aqueous solu- 
tion of a strong acid or a strong base or a 
substantially anhydrous liquid strong acid 
aa the condensing agent- while maintaining 
the concentration of the condensing agent 
in the aqueous solution substantially con- 
stant throughout the operation. 

2. The process of claim 1 wherein the 
carbonylic compound subjected to croton- 
aldehyde-type condensation is an alde- 
hyde. 



3, Th process of claim 1 wherein the 
carbonylio compound subjected to oroton- 
aldehyde-type condensation is a ketone. 30 

4 The process of claims 2 or 3 where- 
in the ketone is mesityl oxide and the 
condensation is effected in the presence of 
a concentrated aqueous solution of sodium 
•hydroxide. 35 

5. The process for the production of 
higher unsaturated aldehydes or ketones 
by crotonald^hyde-type condensation sub- 
stantially as hereinbefore described. 

9. The process substantially as herein- 40 
before described and illustrated by the 
Examples and accompanying drawing. 

7. Unsaturated aldehydes or ketones 
whenever prepared by the process of any 
of the preceding claims. 45 

Dated this 7th day of February, 1041 . 

SSLKINGTON & FIFE, 
Consulting Chemists and Chartered 

Patent Agents, 
20 to 23, Holborn, London, E.C.l, 

Agents far the Applicants. 
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